1. Background {#sec114565}
=============

*Candida albicans* is an opportunistic pathogen causing invasive infections and vaginitis in immunocompromised patients ([@A21468R1]). Approximately two-thirds of females experience *candida* vaginitis at least once during their lifetime and 50% of them experience vulvovaginal candidiasis more than once. *Candida albicans* cause the majority of vaginal candidiasis cases ([@A21468R2]). The resistance of *C. albicans* species to antifungal agents can cause recurrent infections that affects approximately 5% of females who are getting infected at least four times a year ([@A21468R3], [@A21468R4]). The reason may because of some difficulties regarding an up growing incidence of resistant atypical *Candida* species, as well as significant patient distress, including sexual difficulties.

Studies revealed that the use of azole antifungal agents such as fluconazole has increased. This is mostly due to the increasing number of *C. albicans* infections ([@A21468R5]). According to the literature, wide application of azoles lead to the most frequently encountered isolates resistant to these drugs. Most of these cases have higher azole minimum inhibitory concentrations (MICs) and the infections they cause are mostly difficult to cure ([@A21468R6]). High recurrence rates of *C. albicans* vaginitis, cannot be successfully suppressed by fluconazole in long term therapies, and drug resistance is growing ([@A21468R3], [@A21468R7]). Pir1p is a protein with internal repeats, 36,459 Da molecular weight, 346 a.a. length and direct bounds to beta 1, 3-glucan in the cell wall of *C. albicans*([@A21468R8], [@A21468R9]). This protein is O-glycosylated and N-mannosylated and causes cell wall integrity in *C. albicans*([@A21468R10]).

2. Objectives {#sec114566}
=============

The current study aimed to investigate the relationship between the presence of Pir1p in the cell wall of *C. albicans* isolates and their resistance to fluconazole; the study examined overexpression of *pir1*gene in 49 clinical *C. albicans* isolates with fluconazole -resistance. It is proposed that long time exposure of *C .albicans* to fluconazole affects the integrity of the cellular caused by overexpression of *pir1* gene.

3. Patients and Methods {#sec114571}
=======================

The current study was conducted for six months on 250 females referring to gynecology clinic, Tehran, Iran. Recurrence was defined as two or more infections in a six-month period.

3.1. Patient Population {#sec114567}
-----------------------

The inclusion criteria for the survey were married, 17 - 53 years old with symptoms of vaginal discharge and/or genital itching with recurrent vulvovaginal candidiasis; all patients were given multi agent antifungal therapy including fluconazole. Fifty-two *C. albicans* species isolated from clinical samples were identified and used for fluconazole susceptibility testing and overexpression of *Pir1* gene in the cell wall of the isolates.

3.2. Identification {#sec114568}
-------------------

*Candida albicans* isolates were identified by standard methods such as germ tube and cornmeal agar test (Hi-Media, Mumbai, India) ([@A21468R11]).

3.3. Antifungal Susceptibility Testing {#sec114569}
--------------------------------------

Susceptibility of *C. albicans* isolates to fluconazole was performed using CLSI protocol for disk diffusion testing, inhibition zone criteria for fluconazole included application of the 10 mg/mL fluconazole discs (Hi-Media, Mumbai, India) using aseptic technique ([@A21468R12]); each plate was examined after 20 - 24 hours of incubation at 37°C to measure inhibition zones diameter.

3.4. Polymerase Chain Reaction Amplification to Identify Overexpression of pir1 Gene {#sec114570}
------------------------------------------------------------------------------------

PCR amplification method, as a rapid and reliable method to identify *C. albicans* species, was applied to detect *Pir1* overexpression gene. The PCR assay was performed with 1 µL of test sample in a total reaction volume of 25 µL consisting of 2.5 μL 10X PCR buffer, 1 mL 25 mM MgCl~2~, 1 mL 5 mM dNTPs, 1 mL each primer (0.25 pmol/mL) (Forward: 5'-GCGAGTATTCTACACTTGTTAG and Reverse 5'-CGTGACAAATTCAATGACAC and 1.25 U of Taq DNA polymerase and finally 16.25 mL ddH~2~O was added. Thirty cycles of amplification were performed in thermal cycler. After initial denaturation of DNA at 95°C for five minutes, each cycle consisted of a denaturation step at 94°C for 30 seconds, an annealing step at 56°C for 30 seconds, an extension step at 72°C for one minute and a final extension step at 72°C for seven minutes following the last cycle. Appropriate negative and positive controls were included in each test running ([@A21468R8]).

4. Results and Discussion {#sec114572}
=========================

A total of 150 females referred to the center with recurring vulvovaginitis, of which only 52 had *C. albicans* vaginitis. Susceptibility testing to fluconazole was carried out on 52 *C. albicans* isolates. Of these, 49 (94%) isolates showed resistance to fluconazole while 3 (7%) were susceptible (Data not shown). According to the obtained results, the majority of *C. albicans* isolates were resistant to fluconazole and had an inhibition zone diameter below the selected breakpoint (\< 21 mm in the present study); these strains could be reported as resistant to fluconazole causes cell wall stress ([@A21468R13]). Upon this stress, overexpression of cell wall proteins might be induced as an important compensatory feedback. Pir1p is responsible for cell wall maintenance, and the current study found its overexpression in the cell wall upon long term of fluconazole treatment. Since fluconazole treatment leads to no cure or temporary cure with recurrent one, it seems that this could indirectly affect cell wall integrity; for example, by long term fluconazole treatment compared with those of the females in initiating time of taking fluconazole, pir1p presence is different in cell wall construction by affecting frequent prescribed fluconazole. Long term fluconazole -treated *C. albicans* cells contain considerably high protein in their walls, suggesting severe alterations ([@A21468R9]).

The *C. albicans* cell wall is a complex structure with major components of a β-1,3- and β-1,6-glucan network and a number of proteins attached covalently and non-covalently to this network. The *C. albicans* cell wall plays important roles in growth and development, interactions with mammalian cells and tissues during infection and colonization as well as a primary protective role in shielding the cell against osmotic, chemical and biological harm. Pir1p seems to be only attached to the β-1,3-glucan covalently ([@A21468R8]) to act as a glue to protect the yeast cell. A lot of data support the idea that the resistance of the yeast cells to fluconazole could be due to either a reduced level of drug uptake or an increased level of drug efflux ([@A21468R7]). They could also be the result of changes in the ingredient of the yeast cell wall and cell membrane.

The current study identified an important cell wall protein induced by fluconazole stress and required for cell wall cross-linking and integrity (Pir1p). Pir1p is a unique structural protein of the *C. albicans* cell wall directly bound to β-1, 3-glucan which is essential to maintain the integrity of *C. albicans* cell wall. Overexpression of *pir1* gene is regulated by growth conditions such as pH ([@A21468R14]), antifungal agents ([@A21468R9]) and hypoxic causing a rigid barrier in the cell wall of *C. albicans* to defend the yeast ([@A21468R10]). Additionally, the current survey revealed that the changes in the transcript levels of pir1-encoding gene when *C. albicans* is not challenged with fluconazole, predicted the directions of the changes in the agreement with Pir1 cell wall protein level upon treatment with fluconazole ([Figure 1](#fig21918){ref-type="fig"}), supporting the concept that fluconazole compromises cell wall integrity. Therefore antifungal potential of the isolated was tested by disc diffusion method. Exposure to fluconazole increased the Pir1 protein and resistance to fluconazole and exposure led to a fall in uptake of fluconazole. A relationship between resistance to fluconazole and increased *Pir1*gene expression was observed in *C. albicans* cells.

![PCR Analysis Employing for *Pir1* Gene\
Lane 1, negative control; Lane 8, positive control; Lane M, the ladder; Lanes 2 - 7 are samples. *Pir1* gene with 1041 bp length was found in positive samples as 3, 4, 5 and 7.](jjm-08-09-21468-g001){#fig21918}

In the current study, the overall prevalence of recurrent *C. albicans* vulvovaginal candidiasis resistant to fluconazole in a community setting was 94% which was similar to those of the studies conducted elsewhere with the rates approximately %100 ([@A21468R4]). *In vitro* studies on the cell wall of fluconazole -resistant *C. albicans* strains showed high distribution of cell wall glucan-associated proteins ([@A21468R15]). These results suggest that long term fluconazole treatment can affect fungal cell wall metabolism and structure which lead to fluconazole -resistant *C. albicans* vaginitis ([@A21468R16]).

In conclusion, the study provided information on fluconazole susceptibility of vaginal *C. albicans* isolates in a gynecology clinic in Tehran, Iran. Since the majority of *C. albicans* isolates were resistant to fluconazole, the result was related to overexpression of Pir1p. The obtained results demonstrated the presence of Pir1p in the cell wall of *C. albicans* isolates of the study and it was found that fluconazole in long term therapies generates a rise in expression of *Pir1* gene. Although the actual function of Pir1 is still unknown, it may be critical in the cell wall formation during the first steps of protoplast regeneration. Further researches are needed.
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